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, I .  

I. Summauy Statement 

On Qcteber 1, 1963, the ktional Aeronautics and Space Administration 

granted to West Virginia University the sum of $100,000 for the support of 

basic scientific research entitled: 

Life, and Engineering Sciences. 

mediately circulated an announc-nt and instructions for submitting pro- 

posals for space-related research projects. (See appendb A). prOp0sd.s 

were received in the Graduate Office requesting a total of $140,754.50. 

Space-Related Studies i za  t h e  Physical, 

!Be university accepted this grant and- Im- 

An interdisciplinary committee was appointed by the president of the 

University to referee these requests for support in accordsnce with the 

NASA centract- !his camittee consisted of the followFng persons: 

Dr. E. F. w s ,  chrsimwm, Department of Pleoretical and Applied 

& W c s  

&of. R. E- Shafer, ClZQLirman, Department of Industrial Engineering 

Dr- J. E. Bmmpson, Director, Bureau of Business Research 

Dr. J. L. Hall,, chainaern (acting) D e p h n t  of C l h d s t r y  

Dr. J. K. Stewart, Qarlrman, Department of Wthcmatfcs 

Dr. R. E. Penrod, Vice President, Medical Center 

Dr. C. D. 'iha9ss, Chairman, hpa;rtmCnt of physics 

Dr. C. A. Arcnts, Dew, CQllege of Engineering 

Dr. J. F. &lW, University &most and I k ~ g  O f  t he  orarcfuate School 

Twenty-three proposals were received and reviewed by the committee 

and twelve were approved for support. 

a t e d  each proposal with a View as to how well it corresponded with the 

purposes of the gmut as published in the announcement. 

Ehch m&er of the camittee everl- 

It is difficult for academic personnel to initiate new research pro- 

In many cases the research re- grams in the middle of an academic year. 

quires careful recruiting of assis+ats aud collection of items of equip- 

m n t  prel- to investigation. 

2 

Hence five of the twelve prejects were 



not scheduled t o  s t a r t  before Junc 1, 1964. 

caqplet# W.I or befare Qctobpr 1, 1966 in accodance with the contract. 

11. 

All projects were to  be 

Research h j e c t s   approved for suppsrt 

!be Sollaring projects were approved by the Coarsaittee: 

1. 

I . 
The Paramagnetic Suscept ibi l i ty  of Lithium and Sodium Metal 

Investigator: Wo E. Vehse, PhD (Carnegie Tech 62), Assistant 

Professor of  Physics 

Duration: 1 year 

Funds : $6,044 00 

Abstract: Conduction electrons i n  a metal are weakly 

paramagnetic. Using a sp in  resonance 

technique devised by Schumacher and Sl ichter ,  

we propose t o  reexamine some earlier, ra ther  

suspect, measurements of t h i s  paramagnetism 

i n  l i thium metal. We a l s o  propose t o  examine 

properties of sodium metal closely a l l i e d  t o  

the spin paramagnetism i n  hopes of c la r i fy ing  

la rge  discrepancies between theory and experi- 

ment. 

of research which may be prof i tab ly  studied 

using t h i s  resonance technique. 

Final ly  we wish t o  investigate new avenues 

2. €'reparation of as-Triazine (1, 2, 4-Triazine) and Related Com- 

pounds 

Investigator: Peter Popovich, PhD (Wash St  d 61), Associate 

Professor of Chemistry. 

Duration: 15 months 

FUIlds: $4 ,8U.OO 

Abstract r An attempt w i l l  be made t o  prepare unsubstituted 

3 



. 

3.  

as- t r iazine via  cycl izat ion and condensation reac- 

t ions  from sui table  compounds. 

glyoxal o r  r e l a t ed  compounds and aminoguanidine, 

semicarbazide hydrochloride, o r  r e l a t ed  compounds 

be condensed and cyc lbed  t o  give intermediates from 

which as- t r iazine may be prepared. 

that t h e  aromatic character o f  as - t r iaz ine  and re la ted  

compounds be studied. 

s t ruc tu ra l ,  and thermodynamic propert ies  will be 

studied by making the compound avai lable  t o  

spec ia l i s t s  i n  these areas. 

It i s  proposed tha t  

It i s  proposed 

In  addition, t h e  spec t ra l ,  

The Ef fec t  o f  Sensory Deprivation on Social. Dominance i n  the Domestic 

Cat 

Investigator:  James Ne Shafer, PhD (Ohio S t  U 5 3 ) ,  Associate 

Professor of Psychology 

Duration 1 year 

Funds : $2,562.00 

Abstract: The soc ia l  dominance of a group of 16 domestic ca t s  

w i l l  be t e s t ed  i n  a food-competitive and a shock- 

avoidance s i tua t ion*  Following the  establishment 

of a group social  hierarchy selected animals w i l l  

be maintained from 2-40 days i n  sound-shielded, l i g h t -  

proof cubicles. 

deprivation t h e  animals w i l l  again be placed i n  the  

s o c i a l  dominance tes t  s i t u a t i o n  and changes in dominance 

r e l a t e d  t o  length of sensory deprivation and pos i t ion  

on the  dominance scale.  

Following the  period of  sensory 

4 
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4. Reaction of Sn (11) and Sn (IT) in Aqueous Solution 

Investigator:  Armhe D. Paul, PhD ( U  C a l i f  ss), Associate Professor 

of Chemistry 

Duration: 1 year 

Funds : $4,816,00 

Abstract: Sn (11) reac ts  with Sn (IV) i n  chloride solut ions o f  

low ac id i ty  t o  produce a yellow solution. 

chlorate  solution the  react ion i s  more extensive and 

under ce r t a in  conditions a brown so l id  form. It i s  

proposed t o  study the  reac t ion  qua l i t a t ive ly  i n  the 

presence of other anions and cations,  t o  study the  

chemical properties, physical  propert ies  and composi- 

t i o n  of t he  brown sol id ,  and t o  try t o  develop proce- 

dures f o r  s epa ra t ing the  colored species in so lu t ion  by 

ion  exchange. 

t i o n  of the colored species will be studied by ion 

exchange. 

I n  per- 

If separation can be  achieved, t he  composi- 

5 0  Decay of Cs134 t o  the Various Excited S ta tes  of Ba134. 

Investigator:  Raj G, Mendiratta,  PhD (Penn S t  U 63), Assistant 

Professor o f  Physics 

Duration: 1 year 

Funds : $5 9 1% 00 

Abstract: Different  experimenters have reported various decay 

Lic.IIG,IIcI" - nk,.rnrr 0 cf c1-s 134 t h e  excited s t a t e  3f 32 134 by ?-let,=( 

decay fo l lovcd  by gamma t r a n s i t i o n s .  Rccently, 3eptern- 

ber  1963, a group a t  Louisiana S ta te  University has 

observed some new be ta  t r ans i t i ons  but did not see a 

f e w  gamma t r ans i t i ons  that were reported before. The 

5 



l o g  f t .  values o f  t h e  reported beta  t r a n s i t i o n s  have 

again been measured and are  not found t o  be  i n  close 

agreement w i t h  t h e  previously estimated values. 

therefore, desirable that a de ta i led  invest igat ion be 

It is, 

made of t h e  Cs134+Ba134 decay using modern teehnique 

of s o l i d  state detectors ,  which are, by far, the most 

accurate be ta  detecting equipment known t0da.y. 

6.  Effect of Endocrines on Osteoporosis of Disuse 

Invest igator :  H. A. Lindsay, PhD ( U  Toronto 5 5 ) ,  Associate Professor 

of Physiology. 

Duration: 1 year 

Funds : 

Abstract: 

6 , 3 3  6 00 

It is l i k e l y  tha t  osteoporosis of disuse would occur under 

conditions of weightlessness. W e  w i l l  t e s t  the  hypothesis 

that hormones a re  a mediator o f  t he  removal of mineral from 

bone during the production of osteoporosis of disuse. Rats 

w i l l  be subjected t o  s c i a t i c  nerve sect ion t o  produce the 

osteoporosis. Changes i n  the bones w i l l  be assessed by x- 

ray examinat ion and measurement of the  various dimensions, 

charac te r i s t ics  of stress and s t r a i n ,  and of breaking point.  

The foregoing w i l l  be contrasted in animals i n t a c t  i n  t he  

endocrine sense and i n  those which have been hypophysecto- 

mized o r  parathyroidectomized. 

edge t h i s  seemingly manifest experiment has no t  been done. 

To the  bes t  of our knowl- 

7. Cz~dlo-rzscular ,  Respirztory, a i d  Aubriornir: iu’ervous System iiesponses 

t o  Acute Hypoxia 

Investigator:  Thomas D. Darby, PhD (Med C S Car 57)  Associate Professor 

of Pharmacology 

6 
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Funds : $9 j 041 00 

Abstract: It is known tha t  t he  sympathoadrenal system i s  stimulated 

and l a rge  amounts of epinephrine a re  released f romthe  

adrenal medulla when the dog i s  exposed t o  conditions of 

severe hypoxia. 

metabolism and cardiac muscle a c t i v i t y  under conditions of  

sympathoadrenal st imulation a r e  not understood. Raab sug- 

ges t s  t ha t  catecholamine stimulation o f t h e  myocardium leads 

t o  an oxygen waste. 

re lease  of t h e  catecholamines e l i c i t s  a %tress adapting 

mechanism" which is responsible f o r  a more e f f i c i e n t  

myocard ia lu t i l i za t ion  of owgen. An increase in tk quan- 

t i t y  of oxygen present i n  cardiac t i s s u e  following the 

administration o f  t h e  catecholamines, despi te  electrocardio- 

graphic changes which suggested myocardial ischemia, l e d  

Sayen and coworkers t o  the  conclusion t h a t  these agents 

could increase anaerobic metabolism i n  heart muscle. 

The re la t ionships  that exist between energy 

Xatz has suggested that t h e  endogenous 

In the  present s tudies  myocardial function, hemodynamic 

changes, respiratory stimulation, oxygen u t i l i z a t i o n  and 

l a c t a t e  production w i l l  be correlated with catecholamine 

l e v e l s  in the in fe r io r  vena cava and per ipheral  blood. 

the i n i t i a l  experiments t h e  terminal event i n  acute hypoxia 

w i ' l l  be studied. 

drugs known t o  a l t e r  synpatJma-ri&nal f . ~ ? c t i s n  -i,5ll be 

studied on the terminal event. 

vide information about t h e  e f f ec t s  of space environment on 

In  

I n  subsequent experiments t h e  e f f e c t s  of 

The experiments should pro- 

7 
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organisms and l iv ing  systems. 

r ing  in s t r e s s  s i tua t ions  will be  evaluated. 

could a id  in the development of l i f e  support and protection 

systems i n  spacecraft. 

The m t a b o l i c  changes occur- 

Such s tudies  

80 Investigation of the Constitutive Equations f o r  Multi-Phase Hypo- 

e l a s t i c  Materials. 

Investigator:  Robert D. Snyder, MSME (Clemson C 5 9 ) ,  Ins t ruc tor  i n  

Theoretical and Applied Mechanics 

Duration: 1 year 

Funds : $3 9 901. 00 

Abstract: A c lass  of materials, defined a s  hypo-elastic, maybe con- 

sidered t o  have a short  memory insofar  as t h e i r  mechanical 

response is concerned. This consideration has l e d  t o  a 

const i tut ive equation i n  the  form 

Stress r a t e  = f ( s t r e s s ,  s t r a i n  r a t e ) .  

The generali ty of such a const i tut ive equation is  eas i ly  

seen f r o m t h e  f a c t  t h a t  many e l a s t i c  materials a r e  included 

as sub-classes of -0-elastic materials. 

The purpose of this pro jec t  is  t o  invest igate  the con- 

s t i t u t i v e  equation of a heterogeneous hypo-elastic material 

composed of two o r  more hypo-elastic materials. 

par t icular ,  an attempt will be made t o  develop a method by 

which an effective const i tut ive equation of the  composite 

In 

%p- l . l a s t i c  mat.er i2 l  c2-Q be avnressPii LQ t.em-s of f,he ---r- ----- 
const i tut ive properties of the  individual materials. 

investigation is  viewed as an i n i t i a l  s tep  i n  eventually 

T h i s  

8 



being able t o  determine o r  p red ic t  an e f fec t ive  con- 

s t i t u t i v e  equation f o r  non-homogeneous non-isotropic hypo- 

e l a s t i c  materials, and should be a worthwhile contribution 

t o  the general theory o f  const i tut ive equations of 

continua . 
9. Production o f  Dispersion Alloys with the Aid of  Ultrasonics. 

Investigator:  H. V. Fairbanks, MS (Mich St U 3 9 ) ,  Professor of 

Metallurgical Engineering 

Duration: 18 months 

Funds : $6,528.00 

Abstract: Dispersion alloys have come i n t o  prominence as space 

vehicle material due t o  t h e i r  a b i l i t y  t o  r e t a in  r e l a t ive ly  

high s t rength at  elevated temperatures. 

being produced by the powder metallurgy process which 

inherently produces an i n i t i a l  porous s t ructure  and limits 

t o  som extent t he  s ize  and shape of t h e  pa r t  produced, 

The use of ultrasonic e n e r s  i n  the  production of these 

al loys would seem a promising al ternat ive,  since the  

a l loys  could be produced without the s i ze  and porosity 

l imi ta t ions  imposed by the powder metallurgy process. 

They are  currently 

10. Measurement and Prediction of the Flow Field i n t o  a Propeller/Rotor 

System during Transit ion F l i & t .  

Investigator: Richard E. Walters, MSAE (WVU 6 3 ) ,  Instructor  i n  

Aerospace Engineering 

1 --e-.. 
I ycaL n,.,,+ i rrn 

YIILI U V - C V I I .  

Funds : $4,502.00 

9 



Abstract: The research program out l ined in t h e  proposal i s  

designed t o  provide an accurate mthod f o r  pred ic t ing  t h e  

th rus t ,  noma1 force,  p i tch ing  moments, yawing moments 

and torque f o r  propeller/rotor systems during t r a n s i t i o n  

f l i g h t .  The lack of t h i s  information places  a ser ious 

l imi ta t ion  on the design process f o r  Vert ical  Take-Off 

and Landing a i r c r a f t  with t i l t -p rope l l e r  o r  ro to r  systems. 

11. A Preliminary Study of the  Effects o f  S t ra in  Rate on the  Mechanical 

Propert ies  of Various Biological Materials 

Investigator:  

h r a t  ion  : 1 year 

James McElhaney, MSME ( U  Pa 60) ,  Research Associate 

Funds : $3 j 807 00 

Abstract: It is  proposedto i n s t i t u t e  a study of the e f f e c t  of s t r a i n  

rate on t h e  properties of various biological materials 

(bone, car t i lage  and spec ia l  t i s sue  types). 

designed t e s t ing  mchine and high-frequency response 

instrumentation will be used t o  obtain stress-strain in- 

formation over a wide range of  s t r a in  rates. 

be analyzed according t o  recent advances in t h e  theoqy of 

Biorheology and an attempt made t o  develap su i t ab le  math- 

ematical models t h a t  describe the  behavior of these 

mat  e r i d  s . 

A spec ia l ly  

The data  w i l l  

12. An Experimental Investigation of t h e  Effects  of  Hypervelocity Pa r t i c l e s  

on Shielded and Unshielded Cellular Metall ic Plates 

investigator:  iimery L. h i p ,  ~ $ 3  (E 1-11 62) ,  ~ s s o c i a t e  ~rnfessor nf 

Civi l  Ehgineering 

Duration: 9 months 

Funds : $3 Y 491.00 

10 



Abstract: It i s  proposed t o  subject targets of cellular metallic 

materials t o  the impact of particles simulating the 

mass and volume of small meteoroids. The acceleration 

of the targets and particles t o  relative velocities 

i n  the meteoric range would be accomplished by explo- 

sive and gaseous devices. 

collected the results would be correlated i n t o  

design equations governing the shielding and skin 

thickness required f o r  adequate meteoroid protection 

of thin-walled craft  i n  orbitaT and interplanetary 

fl ight.  

When sufficient data are 

III. Brief Progress Report as of October 1, 1963. 

1. Paramagnetic Susceptibility of Lithium and Sodium Mctarl. 

W. E. Vehse 

Two relatively significant experiments have been performed t o  

date. 

satisfactory generator w i l l  be ordered before Sep-hiber 18. A Pound- 

Knight oscillator and lock i n  amplifier have been constructed and are 

operating satisfactorily.  Results of the measurement of the suscepti- 

b i l i t y  of l i t h i u m  metal ,  in inferior samples was reported at  the April 

The present ultrasonic generator has proved inadequate and. a 

meeting of the West Virginia Academy of Science. 

ment, the Knight sh i f t  isl sodium m e t a l  a t  room tmperature was measured, 

verifying published results. 

low temperature (4' K) measurements. 

To check the equip- 

We are now ready t o  attempt the desired 

Refined lithium measurements should be ready within 6 months hind 

t h i s  phase should be campleted within a year. Low temperature studies 

including relative susceptibility measurements, impurity studies and 

relaxation time measurements are planned f o r  early 1965. 

LL 



A short time w i l l  be spent examining the feasibility of doing Knight 

shift work on a manganese chromium system with a view to preparing an- 

other research proposal. 

It is pluuled to present the results at a meeting of the American 

physical Society asd to submit 6~ paper for publication in an appropriate 

JOlmld.. 

Ihe impurity studies amd the l o w  temperature relative susceptibility 

measurements are two aspects of the present research which are definitely 

suited for long raqe research effort and funds will be sought to con- 

tinue these investigations well beyond the duration of the present grant. 

2 .  Preparation of as-Triazine (1,2,4-Triazine) and Related Cmpounds. 

Peter Popovich 

!be first experiments concerned the condensation of aminogwni- 

dine bicarbonate w i t h  glyoxal to yield 3-anino 1,2,4-Triazine (called I 

hereafter) and the rcm~val of the 3-amino grcuup. !be removal of the 3- 

mino group was first attempted by classical diazotization procedures 

and replacement of the group, iL the presence of hypophosphorus acid, 

with hydrogen. 

was used for the diazotizing medium. 

the solvent and cuprous oxide in the presence of sulfuric acid was used 

as the reducing agent. 

made t o  prepare a stable diazonium fluoroborate with the expectation that 

it could be deccmposed to give a fluoro-compound or converted to the de- 

sired - as-triazine. 

In a second series of expcriments a non-aqueous solvent 

Glacial acetic acid was used as 

In QL third series of experiments, an attempt was 

Several expcriments were performed to further characterize the amine 

by preparation of suitable amine derivatives. 

react t h e  anine with benzaldehyde autd Csnisaldehple in order to prepare 

a Schiff-base. 

An attempt was made to 

Attempts were made to react I with acetic anhydride, 

12 



acetyl chloride, and benzoyl chloride. 

Baumann conditions. Hone of these gave the expected derivative. An- 

other series of experiments were performed in an attempt to prepare =- 
triazine by cyclization Of ethylsemicarbazinoacetate in the presence of 

sodium ethoxide to give 3,5-dio~-1,6-dihydro-1,2,4-triazine and con- 

version of the letter catpound to - as-triazine. Ethyl semicarbazine- 

acetate was prepared by the reaction of potassium chloroacetate with 

semicarbazide hydrochloride and esterification of the resulting can- 

pound with eth&nQl. 

m e  latter under the Schotten- 

At this time, it appears that the 3-auninO group does not function 

as a normal p u p  as in aromatic amines and that it cannot be removed 

by normal deamination procedures. Reaction tapratures for the dia- 

zotization and deaninartion were varied from 0' C to minus 30' C. 

appears that the ring structure is destroyed during the reaction. 

It 

Bperimcnts with 3,5-dioxy-1,6-dihy&o-1,2,4-triazine (11) will 

be continued. 

convert it to an aromatic system by the use of bromine. Experiments 

to determine the fate crf the amino-triazine (I) during diazotization 

will be conducted. 

After the ring is forrued an attempt w i l l .  be made to 

I h e  work is in the early stages of develqment (fourth month of a 

fifteen month grant). 

mitted to the Journal. of Organic Chemistry or to the Journal of Hekro- 

cyclic Chemistry. 

Significant results of this work will be sub- 

Present indications are that the work could be extended to prepare 

many interesting substituted %-triazines which have not been reported 

to date. 



3.  'Ihe Eefect of Sensory Deprivation on Social Dominance in the 

Domestic Cat. 

James N. W e r  

'Ihe effect of sensory deprivation on the dominance behavior of 

domestic cats was investigated in  two separate experlmcnts involving 

widely desperate t e s t  situations. 

food cape t i t i ve  behavi~r  and (2) shock arvoiddcnce. 

w i l l  be sunmmrized separately. 

The two test situations were (1) 

I he  two experiments 

meriment #l - Effect of sensory deprivatien cm food competitive 

dominance behavior. 

Subjects: 'Ihe subjects were eight domestic cats selected frm a 

c@lony of animals maintained by the psychology department. 

Apparatus: '&e subjects competed fo r  l iver  i n  the Wisconsin General 

Sensory deprivation was achieved by isolating the sub- Test apparatus. 

jects  in chambers 32" x 24" x 32" high constructed of *" celotex. 

Procedure: The - Ss were pre-trained t o  respond i n  the WGTa unt i l  

each arnlmal was proficient i n  obtaining food. 

i n g  the eight stlbjects were tested by the method of paired comparisons 

every third day unt i l  a total of six comparisons had been completed. 

In each pairing tbc - Ss competed f ive separate times for  the highly pre- 

ferred food (l iver).  

Following the pre-train- 

Winmraace was detemhett by the number of pieces of l iver  obtained 

by each E. 
r-d first i n  the hierarchy, the 2 obtaining the second greatest 

number was ranked second., etc.  

The - S obtaining the  greatest number of pieces of food was 

Following the six paired comparisons the ss were placed i n  iso- 

la t ion for  21 d a y s .  On the seventh, fourteenth and twenty-first days 

the - Ss were removed from isolation atrd again tested i n  tkLe W G U  by the 

method. of paired comparisoaps. 
14 



Results: The s tabi l i ty  of the hierarchy before and after isolation 

was tested by Kondeill's coefficient of concordance a d  5. The pre- 

isolation arnd the post-isolation distribution of food f o r  a l l  compazi- 

sons differed from chauce or  rectangularity at  or beyond t h e  .OOllevel 

as tested by 2. HendaU's csofficient of concordance cmputed separately 

Q X ~  both pre-and post-isolation comparisons revealed a highly stable (P. 

.001). From the d a t a  it can be concluded Ut 21 days of isolation has 

no differential effect  on the domiaance behavior of cats i n  8 food can- 

petit ive t e s t  situation. 

Eqcriment #2 - EPfect of sensory deprivatisn on shock avoidance 

dominance behavior. 

Subject: &e subjects were seven domestic cats selected from a 

colony of animals maintained by the psychology department. 

Apparatus: !&e eraniBlals were tested i n  an aluminum compartment 24" x 

The flwr of the canpartnerit was made of 3/16'' stain- 36" x 32" long. 

less s tee l  rods &" on center. 
3/kt1 thick was placed 17" above the grid. 

A wooden perch o r  platform 10" x 3$" x 

Stainless s tee l  rods were 

a l s o  placed on the perch. Parer t o  the grids w a s  monitored by a h v i s  

Scientific Corporatisn slhsck Pwer Supply and Grid Scrmbler. 

rent and voltage w a s  wid for each individual animal. 

B e  cur- 

A door be l l  

buzzer and a 100 w a t t  bulb were used as the conditioned stimulus. Both 

the CS and the UCS were autamtically programmed and timed. 

Procedure: &ch animal was conditioned t o  avoid the shock by re- 

sponding ts the l i g h t  aad buzzer w h i c h  preceded the onset of tho shock 

by 5 seconds. Each animal was tested 25 trials a unt i l  they reached 

the criterion of seven succcssful avoidance respnses i n  ony 10 t r ids .  

When all animals hsrd reached t h i s  criterion they were given 100 d d i -  

tioarrarl trials t o  assure proficient performance fo r  all animals. 



r 

Following the training period the animals were placed in  pairs i n  the 

shock compa.rtment atnd the CS followed 3 seconds later by the UCS was 

presented. A l l  possible paired comparisons of the seven - Ss were tested 

for  f ive trials per pairing for a series of three paired comparisons. 

!&e animal on the perch, which was large enough fer only one animal, 

at the end of the 3 second period of shock w a s  considered the dominant 

animal. Follawing the pre-isolation domilvance tests all. subjects were 

placed in isolation for  21 days. On the seventh, fourteenth and twenty- 

first days the zs were removed from isolation and again tested in the 

shock cmpartmcnt by the method of paired comparisons. 

Results: Zhe data has not been completely analyzed but a pre- 

liminary aunalysis has failed t o  reveal a stable dominance hierarch en 

either pre- or post-isolatien dominance tes t .  !&e successes seem t o  

be randemly distributed ramong the seven cani;nreLls in each-of' the three 
-. - -. 

pre- and pQSt-iSQhti@a tests. It is therefare cslacluded that a domin- 

ance hierarch is  not eshblisbed i n  eats as tested by shock av@idance 

either prior to  i s o h t i e n  o r  as a result  of 21 dlrnys of isolation. 

!here are several significant features of the investigations under- 

taken t o  date. !bey are: 

(1) Stable dsmiaersce hierarchies arc fonaed meng (I. group of eight 

cats tested i n  a foed coqxtitivcr s i tw t i en .  

(2) Dcminance hierarchies are not fsnmd uwng cats tested in a 

shock avoidance s2tuation. 

(3) A twenty-one dlrny isolation perid does not inte.qp&& the astali- 
_ . -  

lished dmirwce hierarchy. 

A twenty-eane ae4y isolatisg period does not change the uastruc- 

tured darinance hierarchy, is tested In a shock situation, t e  

a structured hierarchy. 

(4) 

16 



The two experiments w i l l  be submitted to an appropriate psycholo- 

gical journal. 

of the investigators working on this grant will be submitted to be read 

at the spring meetings of the Southeastern Psychological Association 

and later submitted for publication. 

A collateral. study initiated by the interest of one 

'Ihe two graduate students who worked on the project have de- 

veloped an interest in the problem and plan further research in the 

mea. 

ciated with the project now has a post-doctoral fellowship and is plan- 

ning research in the area. 

In addition a third graduate student who was indirectly asso- 

4. Reaction of Sn(1I) and Sn(1V) in Aqueous Solution. 

Armine D. Paul 

plis research was scheduled to start in June 1964 with a 

graduate student committed to the project. Unfortunately, the stu- 

dent was u b l e  to enroll during the summer an& Dr. Paul applied for, 

and received, permission to postpone starting the project until Sept- 

ember 1, 1964. 
during the summer. 

report progress. 

'Ihe necessary chemicals and supplied were procured 

The proJect is now active, but it is too early to 

5 .  Decay of Cs134 to the Various Exacted States. 

Rsj G. Mendiratta 

This project was scheduled to start JuJy 1, 1964. During the 

swrrmer, however, Dr. Mendiratta returned to India and when he attempted 

to return, encountered inmigration difficulties. He has not yet been 

able to reenter this country. 

to direct the remainder of this research. 

1960) has been working with Dr. Mendiratta on this and similar problems, 

and, using the same team of research assistants, will be able to proceed 

Dr. Atam Arya has recently been appointed 

Dr. Azya (F'h. D. Perm State, 



without interruption. 

suitable apparatus has been completed during the swmer but the project 

was held up pending t he  decision on Dr. Mendiratta's visa. 

active. 

Phnning research precedures and acquisition of 

It is now 

6. afect of EndQcrines on Osteoporosis of Disuse. 

H. A. Lindsay 

1. Preliminary eqperiments were carried out to test the ac- 

curacy of our methods. 

a. Two methods Qf breaking the bones were tried. First 

the ends of the femurs to be broken were laid on tww supports and a 

hook connected to a pan of weights was applied to the middle of the 

bone; additional. weights were added until &e bone broke. 

found that the use of a 1 F P M  electric motor attached to a spring 

scale which was in turn hooked to the bone superior to the above 

method. 

factor in determining its strength. 'ihe use of a motor assures a con- 

stant rate of application of force whereas static lod ing  of a bone 

does not. 

We then 

B e  rate of application of weight to a bone is an important 

b. Sen& types of materials were tested as  casts on the 

ends of the bones to prevent their collapsing during the breaking pro- 

cess. "Improved stone," a dental  casting substance, worked very well. 

c. X-rqy studies were attempted to determine the bnsity 

differences between normail and denervated limb femurs. 

serve no significant difference using a standard hospital x-ray. 

We could ob- 

2. Ey-pophysectaized rat experiment. 

EqW numbers of control SLnd experimental animals were used. 

me sciatic and femoral nervcs were surgically sectioned on one side. 
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pie opposite leg served as a control. A significant difference i n  

t o t a l  bone weight and force necessary t o  break the bones was found 

between intact  and ttdenervBted" femurs i n  both control and hypphy- 

sectomized rats. 

vd.ucs for control w i t h  t h e  per cent differences in the hypophysect- 

omized a,nimals there was no significant difference. 

When csmpsring the per cent differences of these 

3. Adrenailectanized r a t  experiment. 

The sane methods were used as i n  the hypophysectomized rat 

experiment. 

in this experiment the data was not conclusive; therefore, wc obtained 

Due t e  poor survival of our first population of animals 

a second group. 

ference of intact srnd "denervated" femurs frm control and experimental 

rats were found i n  t o t a l  bone weight. 

No significant differences between the per cent dif- 

4. Parathyroidectomized rat  experiment. 

The procedue used was the same as that i n  the two  previous 

studies. 

moved from the animails and are  now being dried. 

Femurs from the control and experimental groups have been re- 

Our original objective was t o  t e s t  the hypothesis that hormones 

are  a mediator i n  the rcmovd of nitrogen and minerd. frombone during 

the production of osteoporosis of disuse. Our data indicates that re- 

moval of the hypophysis land the  adrenal gland causes a loss i n  the to ta l  

weight, strength, length ernd diameter i n  both femurs but this  has no 

significant effect  on the production of osteoporosis caused by sciat ic  

and femoral "denemtion". 

"denemated" fermurs seems to  be most pronounced when the hypophysis is 

removed. 

B e  degree of atrophy i n  both intact and 

Other investigators have shown that when estradiol and testosterone 

a re  given rats in  which one limb has been "denervated" and the other 



left intact, there is L decrease in the difference in weight and 

strength between the bones of the intact and paralysed limbs. 

could be due to the anabolic effect of the hsmne on the bone or it 

could be that the effect of the hormone on the vascular system of the 

intact limb and the denematedlinib m y  be different. 

case of s i m p l y  disturbing the protein anabolic-catabolic hormone bal- 

ace, we should have achieved the same results by removing the cater- 

bQlic influence of the adrena l  gland. 

effect when we did this. 

This 

If it were a 

However, we observed no such 

Description and sixdmmnt of objectives of research to be conducted 

for the balce of grant period: 

1. The parathyroidectomized rat experiment will be completed 

using t he  stme procedure as in previous expcrlments. 

2. A group of hypowoid rats W i l l  be treated as described also.  

Plans for publication of results: 

After completing experiments already begun we anticipate publishing 

a paper on the hypophysis, adrenal,  thyroid experiments; a second paRr 

on the parathyroid experiment w i l l  fel low. 

Possibilities f o r  expansion of project: 

In the near future, we plan to apply for a grant, with the depart- 

ment of !theoretical and Applied &chanics of West Virginia University, 

to study another possible mechanism (piezoelectricity) linking bone 

resorption with disuse. 

to bone electric potentials arc generated and their amplitude is depen- 

dent on the rate and magnitude of the bone deformation. 

studies are presently being conducted by T.A.M. 

It has been shown that when stress is applied 

Preliminary 

Our work thus far has d e  us acutely aware of our need for more 

accurate techniques in measuring stress in bone. A combined research 
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effort between the depauctmcnts of physiology and theoretical and applied 

mechanics would provide a mans whereby a biemchanicd. problem could be 

studied fran both the physislogicrl and engineering points of view. 

7. Cardiovascular, Respiratory, and. AutQnomic Nervous System &- 

sponses to Acute Ey-poxia. 

T. D. -by 

To date, a total of 36 experbents have been carried out. These 

experiments have studied t he  csrrdiovascular changes that oacur with hy- 

poxia, hypocarbia, hypercubis and death due to anoxia. 

Effects of changes in p W  on myocardial contractility, cardiac 

size, and hemedynami c work. 

presses my~cardid contractility when this parameter of myocardial 

f’uuction is measured at a fixed initial length, the changes in myo- 

cardial catractility U t  can occur d e r  -- Fn situ conditions have aet 

been investigated. As the arterial pC@ was increased frem hypocarbic 

levels of 20 mm Hg to normal. values (40 nun Hg) and to hy-percarbic values 

of 60 to 80 mm Hg, there was a progressive passive dilation ef the my@- 

cardium. The size of the heart increased with increments in p W  under 

conditions of a fixed pressure load. t he  myocardial 

w a l l  is t he  product of the intraventricular prossum timrrs the surface 

tareta of t h e  ventricular cavity, the increase in chamber size with in- 

creased pCO2 levels wald increase the tension work load on the myo- 

cardium. 

While it has 10% been known that C@ de- 

Since the  force 

Qanges inpulm 0- vascular resistonce with hypoxia and anexia. 

Pulmonary vascular resistance is increased by a decrease in inspired 

p Q .  

seen with byp~xisc is more due to increased pressure work load on the 

myocardium than due to passive dilation as seen with increased pCQ 

Preliminary studies indicate the marked myocardial dilation 
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d e s .  

pulmonarry vascular resistance. 

sure i s  greater than wouldbe expected from the r i s e  i n  l e f t  atrial 

pressure seen with l e f t  ventricular impairment e l ic i ted by the smoxia. 

It is  suggested -that taxi increase Fn pulmonary vascular resistance is 

the primary cause of a decrease i n  cardiac output seen in  the initial 

and terminal. periods of anoxia. 

hath due t o  anoxia i s  accmtpanied by a marked increase in  

The increase i n  pulmonary artery pres- 

k#mxrdial. chsmg;es,,seen w i t h  hypoxia and anoxia. zhe m y ~ c d i o l .  

changes seen w i t h  hy-psxia and anoxia seem t o  be more related t o  incre- 

ments i n  hemodynamic parameters than t o  passive changes in myocrrdial. 

t@m. 

by the increased work l& placed on the right ventricle during periods 

of hypoxia. There is  v e r y l i t t l e  shortening of the muscle in this area 

of the myocardium during systole. 

ed tension of aLu areas o f t h e  myocardium during systsle. lherc is a 

decrease i n  the rate  of tension loss during; diastole under conditions 

of hypoxia. 

active process. 

effected by hypoxia than the rate of tension decrease during diastole. 

Par t ia l  sustained contraction is found w i t h  hypoxia. 

'fhe inf*undibuhr area of the right ventricle is markedly stretched 

Wked hypoxia depresses the develop- 

'Ihis supports the view that relaxation of muscle is an 

zhe rate of ternion develolpnent during systole is less  

Sympathoadrenal c b n g  ea during hyy oxia, anoxia, hyp ocarbia snd 

hypercarbia. 

autonomic tone urnder conditions of hypoxia snd anoxia QCCUT significantly 

later tiha under conditions of hy-percmbia. 

less pronounced during periods of hypoxia and spnpathetic autonomic 

stimulation then under conditions of hy-percarbia. 

accompanied by marked bradycardia even i n  psriods of increased, develop- 

ed tension due t o  sympathetic stimulation. 

companied by trchycmdia. 

The carrdiovsracalar nanifeststions of increased syirrp&thetic 

"he heart rate changes w e  

Anoxia is  usually 

Hy-gercarbia is usually ac- 

&yocardial asystole o r  ventricular f ibr i l la t ion 
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as the terminal event Of oxygen lack OCCUTS significantly later if the 

aimsl is hy-pocarbic them if hypercarbia or no& pCO2 values are pre- 

sent. 

It is felt that these experiments are adding significaat knowledge 

te, OUT uaderstanding of cardiac funcaon under cditionra thrt can occur 

during periods of manaed space flight. 

experiments SLnd to add to our knowledge of hemodynamic snd &utonCnnic 

changes under these conditions. The informtion gained in these ex- 

periments can add significant knowledge to the field of medicine in 

general, but more specifically the field of aesthesia. 

It is planned to continue these 

I h e  experiments to be conducted during the balance of the grant 

period will be centered arQupd pulmonary v o s c ~  changes which occur 

during ptriads of anoxia and hypsxia. !&e effects of these pulmonwy 

vascular changes on the right ventricle w i l l  be evaluarted. 

!he manuscript dealing with the points Qutlined above will be cam- 

pleted within the month of September. 

material will be presented at the American He& Association Meetings 

in Atlantic City in Octeber. 

in 1965. 

A preliubqy report of this 

A full manuscript w i l l  be prepared early 

Under high G forces the heart of monkeys have been shown to be 

markedly elongated. 

ness the configuration of the heart could be changed. 

stretch on the muscle of the ventricles could be studied with the avail- 

able equipnent SLnd persomel of this laboratory. The importance of 

changes in the size and shape of the heart in hemodynamic considerations 

During takeoff and under conditions of weightless- 

'fhe effects of 

is becoming increasingly clear. 

During the coming year considerable attention w i l l  be given 

effects of anoxia and hypoxia on these psmuneters of heart size 
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shape. 

right ventricle. 

Special attention w i l l  be given to the outflow tract of the 

8. Investigation of the Constitutive &pa,tions for Mti-PhiPse 

IIypoelastic hterials. 

Robert D. Sqder 

!be major hurdle in the resolutien of this problem has been 

overcome, that of developing some basic variational, uniqueness, and 

extremum theories f o r  elastic behavior d o g p I u s  to the theories of 

classical elasticity. 

the exact form of the constitutive equations. 

the severity of these restrictions. 

It was necessary to m s e  sane restrictions on 

It is too eazly to gauge 

Research to date indicates that this study will form the basis of 

a future research proposd. involving experiments with actual multi- 

phase materials. 

Urers of jet age materials in an effort to obtain their interest and 

This preposal will be directed toward so1110 manufact- 

fFnarncial support. 

Results obtained so far indicate that enough basic knowledge of 

multi-phase materials will be obtained to enable the principal investi- 

gator to undertake some specialized investigations of interest to a 

variety of agencies in the  industrial, military, and governmental areas. 

Plans are being md.e to submit some of tlae results already obtained 

It is expected that several publishable articles w i l l  for publication. 

form the ccnnpleted work of this project. 

9. Production of Disgersion Alleys with the Aid of Ultrasonics. 

H. V. Fairbanks 

The effect of insonation during the solidification of crst iron 

was investigated. 

shown in Figure 1. 

B e  results are illustrated In the microphotographs 

Sone refinement of the graphite can be noted. 
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FigP 1.. Photomicrographs showing the  e f f e c t  of insonat ion during 
t h e  s o l i d i f i c a t i o n  of gray c a s t  i ron  upon the dispersion. 
of graphi te ,  Magnification i s  1OOX. The dark areas a r c  
g raph i t e  i n  t h e  iron matrix,  

The microphotograph at t h e  l e f t  shows t h e  s t r u c t u r e  
obtained wi th  no insonation.. 
r i g h t  shows the e f f e c t  of in sona t ion  using a frequency 
of 20,222 cycles per secoiid w i t h  132 yat t  i ~ j x ~ t ,  tr t h e  
generilt o r r  

The microphotograph a t  t h e  



A l i t emture  survey was made t o  review the f w h n e n t a l  principles 

involved i n  the production 0f dispersion a l l a y s .  

It was concluded that, with the use of the equipnent new available, 

it is impossible t o  obtain sufficient dispersion @f the graphite in 

iron t o  warrant further study ef th i s  system at this time. 

Two projects are t@ be run concurrently during the coming aca- 

demic year: 

1. Investigatien will be made regarding the production of dis- 

persion U o y s  using ultrasonic energy fo r  mixing the iner t  dispersion 

materlol into the molten matrix m e t a l .  

will then be tested for  homogeneity and fer pertinent physical properties. 

The resulting dispersion a l l o y s  

2 .  Investigatim w i l l .  also be made i n  regard t o  possible improvement 

in homogeneity of the dispersed material i n  the dispersion a l l o y s  w i t h  

the aid sf ultrasonic energy. The a l l o g s  w i l l  be insonated during heat 

trea-hent in the solid sta te .  

Articles w i l l  be submitted t o  appropriate technical jcaurnals for  

' publication following carpletion of the research program. !&e results 

of the research, however, w i l l  first be writtan up as theses by the 

graduate students who have conducted the investigations. 

Consideration fo r  8 long range major research effor t  in t h i s  area 

w i l l  be dependent upon the results obtained from the present investi- 

gations. 
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10. Am Experimentil Study of Visceus-Flaw Nese-Shape Effects 

OD. Impact 'Fubes. 

Richard E. Walters 

fkhe project was s k c t c d  June 1, 1964. Prcsgress has been 

l-ted t o  the actual csaatruction ef test equigaelat which is low 

(%stambar) nearly c q i e t e a .  IB the next raw weeks calibration 

of tho equlpnent and i n i t i a l  test6 w i l l  be perferrmhd. 

been cmpletod t o  perform the cxgerbmnts, correlate the data, ud 

prepare the f i n d  repert. 

publicati@n in any of seversll technical jeumuls concerned with 

fluid mershlnics UPB a technical nste or a,rtiole w i l l  be submitted 

fo r  publication. 

Flure have 

%e findings should be suitable fo r  

Several possibil i t ies exist for  eqm&l.ng the work @f this pro- 

Theee w i l l  depend oa unurswered ject into a major research effort. 

questions posed by the experimental resulte. 

the breis f o r  theoretical and cxperimmtd. work in imaprct tube 

eperrtion, especiilly when V ~ S O Q U  effects are ccxpnbined w i t h  etream 

turbulance, tube yaw, surface groximity, urd velecity grrtllent 

effects. 

ll. A Pre1binar.y Study of the Effect of Stra,in Rate 09 the 

lIhe data ehould form 

Wschanicrl Preporties of Biahgicr l  k b r i r l a .  

J-8 He k B R y  

A arpechlly desiepa4a testing maohi1Bb h#a f2equmnay rerpoz~~e 

Inetrumsatatia f o r  t h a  purpore 0f ebhinbg strerr-rtrria infezmatien 

over a wide range of s t r r in  ratear has been o w l e t &  

eion t e a t s  of beef bane ham been ads on t b l s  nmuhirt0 and the data 

Fifty aspaqprer- 

mulyzed. 
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Results indicate a wide variation of mechanical properties of bone 

with strain rate. 

strain rate is increased from static to 600 per secend. 

between strain rate and ultimate strength appears to be exponential in 

form and empirical relations have been established. 

For example, the ultimate strength is tripled when 

The relation 

Future research w i l l  evaluate the effect of strain rate on humarn 

An attempt bone, various bovine muscle tissues, nylon and aluminum. 

will be made to develep a mathematical model similar to a three-para- 

meter Kelvin- Voigt mode l .  

A first papcr describing this work was presented on August 7, 1946 

at the Conference on Engineering and Mediame, at Andover, Mew Hampshire. 

A paper describing the entire project and results will be written for 

publication in the Journal of Applied physiology. 

Results to ate have indicated the need for a further large scale 

study to: 

1. 

materids ; 

2. 

Develop general relationships for vrarisus classes of biological 

Explore the m t w e  of maucirmun CaLad minimum points in these 

general relationships; 

3. Provide =ore specific data of interest to designers of space 

vehicles, ejection seats, aeceleratior: couches, etc; 

4. Seek an eqlanation 0% the nonlinear impedence of systems of 

biological materials. 

3.2. An Eqx?rimentiaJ. kvestigation of the Effects of Hy-pervelocity 

Particles on Shielded snd Unshielded Cellular Metallic Plates. 

E. L. Kemp 

As anticipated, the major effort in this project has been di- 

rected to t h e  construction of a facing gun facility comprising a, 



I . 

modified 37 mm cannon t o  be used as a target launcher and. an oppsed 

s r d U  bore l igh t  gars gun that w i l l  f i r e  the particles a t  the target. 

These opposed firing mechanisms are separartod by a specially designed 

s tee l  vacuum tank te reduce drag on both the target .a,nd particle. 
+ - .  

The 

entire f ac i l i t y  is nearly f i f t y  fee t  long. 

To date, the l igh t  gas gua has been fabricated, including a spe- 

c i s l ly  designed barrel d fir ing circuits. Several p r e l i n b a q  

charges have been f i red t o  t e s t  the re l iab i l i ty  smd safety of the de- 

d c e .  Sane "teething" trouble has been encountered in  producing a 

suitable mew diaphmun between the massive breech housing and the 

barrel which w i l l  ruptxrc a t  a pre-detemhed pressure. When the 

diaphram ruptures the gas escapes into the barrel driving the small 

sjmulated mtioroid particle towards the target. Work is i n  progress 

t o  perfect a diaplarsan which w i l l  UQW the higb pressures required t 0  

develop witlaout dosger ef gas le-e o r  failure of the breech blsek. 

Werk ~n the special vacuum tank which is two feet in  diameter and 

approximately f i f teen le% is  subs-kntidly complete. The task has 

been designed with a ten foot batch which can be opened a f t e r  a t e s t  

t o  retrieve the target. 

A 37 mm cannon a d  fir- base have been procured from Aberdeen 

Proving Ground teagether w i t h  a supply of shells. 

Except f o r  some specbl machining for  the l igh t  gars gun the entire 

f ac i l i t y  has been fabricated in the depslrhent of c iv i l  engineering 

shop. It is expected %hat the first preliminary panels w i l l  be tested 

i n  t h e  next s i x  weeks t o  check the functioning of the testing apparatus. 

If +&is phase is  successful, testing of the special p a d s  w i l l  follow 

%mediately. 

will be obtained using the new apparatus. 

It i s  a t i c ipa t ed  t h a t  substantially increased velocities 

'Ihis w i l l  provide unique 
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informatioar on the behavior of honeycomb paaels subjected t o  hy-per- 

velecity particle bsmbardment. Every e f f & & ’ w h  be maLde t o  publish 

the results. 

Aviation srstd members of the I .A .S .A .  is Houston have a l l  expressed 

D o u g l a s  Aircraft, Lockheed California, North American 

interest  i n  this project. 

!&is apparatus shw3.d provide a useful too l  f o r  future research 

asd it should provide a most useful asset t o  OUT structural research 

program. It is  possible that sane of the colnponents of the present 

aevice could be uti l ized in the construction of an even higher ve- 

loci ty  device. 


